Abstract. Solar energy holds great significance in the research programs on renewable energy. Recent studies show that with the use of solar energy, we can create a movement of air in the form of artificial wind. This air flow is used to drive one or more wind turbines and produce electrical energy. At this conversion appear thermal and dynamic coupled phenomena. The objective of this work is to simulate these phenomena in the solar chimney to estimate the electrical power produced by the solar chimney power plant as well as to study the effect of different climatic conditions on energy production in some regions of Algeria, using the commercial code Fluent. A solar chimney of 200 m height and 240 m collector diameter is capable of producing electrical power from 40 to 70 KW monthly as a yearly average. The results for the regions of Constantine, Ouargla, Adrar and Tamanrasset are consistent with the literature.
Introduction
Algeria has unveiled its development plan for renewable energy, discussions are focusing on the best technological choice for the country, amongst others, we find solar chimney power plants. The collector is open to the periphery for introducing fresh air to be heated by the solar rays, Several experimental studies have also been carried out and many pilot solar chimneys of different sizes have been constructed [1] [ 2] .
The first prototype of a solar chimney is built in Manzanares in 1982. Haaf et al [3] have undertaken initial studies of this prototype. Following this series of tests, many studies have been conducted up to day. Our work consists, to a feasibility study of a solar chimney in the south of Algeria, the energy potential was first performed, which will allow us to analyze the energy efficiency of the installation based on settings whatsoever physical, geometric or meteorological.
Chergui et al. [5] showed in a previous study on solar chimney power plants in southern Algeria, the importance of the Adrar region as an attractive source of thermal solar energy. Our work consists, through feasibility study of a solar chimney in southern Algeria, to proceed first to do an energy study, which will allow us to analyze the energy efficiency of the plant based on physical parameters such as, meteorological, geometric, solar radiation, ambient temperature, tower height and collector diameter. An additional study is needed for the sitting of the turbines in the chimney.
Physical and Mathematical Modeling

Physical model
In this study, the Spanish prototype shown in Fig. 2 is chosen as the physical model for the numerical simulation. The prototype has a fireplace of 195 m height and radius of 5 m and a collector of the radius of 120 m and 2 m high. The problem is axisymmetric; the two-dimensional geometry, which corresponds to half of the flow field, is to be treated. The Fluent software defaults to the axis (Ox) as the axis of symmetry; this leads us to adapt the computational domain by 5th International Conference on Environment, Materials, Chemistry and Power Electronics (EMCPE 2016) applying a rotation axis to the chosen field [7] . We have chosen four stations for the measurement of meteorological data, these stations are scattered on the Algerian territory (Constantine, Ouargla, Adrar and Tamanrasset). These sites are very good locations to benefit from advantages of using solar energy and the adoption of its related technologies. Geographical characteristics of these sites are given in Table 1 . In this work, the monthly average daily global solar radiation data on a a horizontal surface (MJ / m2.day) were obtained from databases resulting from national and international projects such as PVGIS which is an example of public domain data source [8] and Metronome [9] , Meteotest as a source of business data. The average and standard deviation of speed vary from one period to another or from one place to another. Processing dynamic and thermal fields identified in the selected regions allows us to obtain the temperature difference between the inlet and the outlet of the collector, thus the air flow passing gave us an idea of the electric power that can be generated in each site. 
The collector
The effectiveness of the collector, with a surface A coll = πr 2 , irradiation G is given by:
Where Q is the heat generated by the greenhouse effect in the manifold and is given by:
With
Where m, A ch and V ch is the mass flow, the surface and the velocity at the entrance to the chimney respectively. By replacing in equation (7), Q and m by their expressions, we obtain the relation:
The chimney
The effectiveness of the chimney is determined by the following expression: 
The turbine model
The wind turbine, located at the bottom of the chimney, converts the air flow kinetic energy into rotational mechanical energy. According to Ref. [11] the mechanical power absorbed by the turbine is given by:
The efficiency of the turbine usually varies from 0.8 to more than 0.9 for different turbine configurations. [12] The efficiency of the turbine was set at 0.85 to be consistent with other studies in the prediction of the SCPP performance. This assumed value may be a compromise, given the wide variation of operating points and different turbine configurations in practical applications. The electrical power produced for the central solar chimney is given by
Study of mass and heat transfer Flow Analysis in collector and chimney
Physical modeling of phenomena related to solar chimneys is complex: it takes into account the heat transfer by conduction, convection and radiation, usually turbulent motion of the air in the collector and the chimney, thermo physical characteristics of the fluid in the study area. Than to obtain the performance of this plant one must determine the mass flow rate and the change in temperature between the manifold inlet and outlet. For this it is necessary to solve the equations governing the flow in the collector and chimney. Generally, if we set the variable φ, the equations that describe the fluid flow can be reduced by a single equation of convection-diffusion in general form referred to as the transport equation given by the following expression:
The first term of left member represents the temporal variation of the quantity Table 2 . The number of cells required to solve a problem depends on the expected accuracy. In order to choose an optimal mesh to obtain acceptable numerical results, we vary the number of cells and monitor the evolution of residues based on the number of iterations. The relative difference between the flow at the inlet and the outlet of the stack is selected as the convergence criterion. Selected residue values are equal to 10 -3 for motion equation of motion, turbulent kinetic energy and turbulent dissipation equation, and both for the continuity equation, whereas the energy equation it is. We also opted for the following operating conditions: Tam=300K, Tsoil=325K, b=0.0031K-1, r=1.087kg/m3, m=1.944*10-5kg/s; l=0.0278W,K, Cp=1007.83J/kgK. We have chosen four regions, north central and southern Algeria to study the electrical power that can be produced by a unit of electricity production by solar chimney in each of these areas and have idea where this plant is better to be installed. Our interest is primarily focused on these key parameters. Note that the temperature can reach 49°C at Adrar in June while in other regions it is between 32 and 37°C. These maximum values are at 14h reach around 15h and by region reflecting their thermal inertia. 
Results and discussion
The figure 3 shows the variation of the mass flow at the manifold inlet. From this figure we remark that the mass flow rate increases over time up until reached its maximum value between 12h and 14h and then it starts to decrease and it justifies the change in the air velocity in the collector. Figure 5 illustrates the temperature difference between the inlet and the outlet of the collector. This temperature difference is increasing over time to a maximum value which is reached at 01:00 pm and then it decreases in all regions. But note that ΔT for the Constantine region is higher than other regions contrary to Adrar region. If the ambient temperature is 30°C at 01:00 pm in Constantine and the outlet temperature of the collector is 54°C the difference is 24°C, however for Adrar region, if the ambient temperature is 50 °C and the temperature at the outlet of the collector is 71°C, the temperature difference is 21°C. The electric power produced each month by a central solar chimney located in the four regions is presented in Figure 3 . This figure shows that the region of Tamanrasset has better power generation compared to other regions; it is about 72 KW in June, while production is 68 KW in Constantine in the same month. Figure 6 shows the variation of the electrical power schedule for the month of June, it is remarkable that all the curves of the electric power have a similar shape (bell-shaped) reaching the height between 12, more the solar radiation is higher, power generation is larger. The fact that Constantine sunlight is less, the results show that the same electric power than other regions may be generated, and it refers to the low ambient temperature in Constantine. In Tamanrasset region maximum power is 113 kW at 12:00 am, while in other regions the power is almost the same, 109 KW.
The numerical simulation is performed by Fluent software (Version 6.2.16) using the finite volume method for the discretisation of general transport equation (8) adopting a structured quadrilateral mesh. It leads to a system of equations, linear and decoupled solved iteratively. All numerical calculations are done in double precision. The iteration error was less than 10 -3 for all calculations, and less than 10 -6 for the energy equation. The comparison our thermal profile with [7] gives a good agreement fig.4 . fig.3 : variation of the mass flow at the manifold inlet and electric power produced in each station : comparison the thermal profile along the manifold between present study and ref. [7] It is clear that this dynamic field takes a slightly accelerated pace in the manifold inlet and which is amplified gradually in proportion as we approach the location area of wind turbines. One then asserts that this evolution profiles is less nuanced the manifold inlet to its outlet.
Rapid acceleration, generated by the chimney effect is born at different positions of the collector, for different input speeds. One may say that the input speed influences directly on the position where the acceleration begins to grow. Indeed, the point where the acceleration of the air is located at r = 52.5 m for v = 0.5 m / s and the speed of 1 m / s it is located at r = 65 m. The most interesting effect of the input speed appears at the outlet of the manifold. We note that the increase of the input speed of 0.5 m / s generates a neighbouring increase of 8 m / s. This is very important for the operation of the energy stored in the air masses flowing in the collector. This is beneficial especially for less windy areas as an example, we arrive at the speed of 26 m / s for the input speed of 1.5 m / s, without this system cannot start a wind turbine in this site. Figure 6 shows the evolution of the transverse velocity field in the collector. From these curves the following remarks are drawn: i-The speed variation of the different sections of the collector is performed monotonically. However, this variation is popular near the ground, ii-The speed that prevails in this area is important because of the stack effect which acts to minimize stratification. This effect is highlighted when moving away from the area near the fireplace where stratification is dominant. We note well in the figure; this sudden change may also be due to the edge effect coupled with the stack effect for position 3 at the outlet of the collector. Ref. [7] Pres. study 
Conclusion
A mathematical model was presented to describe the hydrodynamic and thermal effect in the collector of the solar chimney for the geometry of the Manzanares prototype. From the analyzes performed for four regions: Adrar, Tamanrasset, Ouargla and Constantine we conclude that a solar chimney power plant installed in these areas can produce an average power muzzles between 68 KW and 72 KW. It has been showed that Tamanrasset has better energy production schedule (113 KW at 12:00 pm) compared with other places, whereas in other studied areas, the power is almost the same (109 KW). We conclude that the adoption of this technology in Algeria is possible and the clean energy produced can meet the needs of the population particularly in southern Algeria.
